The heterocyclic carboxyborane amines were found to be potent cytotoxic agents in the murine L1210 lymphoid leukemia and human HeLa suspended carcinoma cells. These agents were observed to inhibit HeLa DNA topoisomerase II activity---200 tM and L1210 topoisomerase II activity _> 100 tM. These agents did not cause DNA protein linked breaks themselves, but upon incubation for 14-24 hr did enhance the ability of VP-16 to cause cleavable complexes. The heterocyclic amineboranes inhibited DNA synthesis and caused DNA strand scission. They were additive with VP-16 in affording these results as well as inhibiting colony growth of L1210 cells after co-incubation for hr. The agents inhibited in vitro PKC phosphorylation of both L1210 lymphoid leukemia and human topoisomerase II enzyme.
Introduction
Previously, a series of cyano-, carboxy-, carboxymethoxy-, and carbamoylborane adducts of heterocyclic amines were shown to be potent antineoplastic agents in the Lewis lung and P388 lymphocytic leukemia screens at 20 mg/kg/day in mice. Furthermore, they demonstrated significant cytotoxic activity in human Tmolt3 lymphoblastic leukemia, HeLa-S uterine carcinoma, KB nasopharynx, colorectal adenocarcinoma SW480, and osteosarcoma and murine L1210 lymphoid leukemia cells [1 ] . A mode of action study in L1210 cells demonstrated that DNA synthesis and purine syntheses were preferentially inhibited with significant inhibition at regulatory enzymatic sites such as PRPP-amido transferase, IMP dehydrogenase, dihydrofolate reductase, nucleoside kinases which resulted in a reduction of deoxyribonucleotide pools. Furthermore, LI210 DNA strand scission was evident after 24 hr. incubation with the agents, but the compounds did not alkylate the bases of DNA, intercalate between base pairs of DNA or cause cross linking of DNA strands ]. Thus, the purpose of the following study is to characterize the reasons why the drugs cause DNA strand scission.
Methods
Compounds 1-7 were previously synthesized and the chemical and physical characteristics reported [3] [ Table ] . All radioisotopes were purchased from New England Nuclear (Boston, MA) unless otherwise indicated. Radioactivity was determined in a Fisher Scintiverse scintillation fluid with correction for quenching. Substrates and cofactors were obtained from Sigma Chemical Co. (St. Louis, MO).
Cytotoxicity
Compounds 1-7 were tested for cytotoxic activity by homogenizing drugs in a mg/ml solution in 0.05% Tween 80/H_O. These solutions were sterilized by passing them through an acrodisc (0.45 t). The murine L20 lymphoid leukemia and the human HeLa-S uterine carcinoma cell lines were maintained culture following standard literature techniques. Geran et al.'s protocol [2] was used to assess the cytotoxicity of the compounds and standards in each cell line. Values for cytotoxicity were expressed as EDso tg/ml, i.e. the concentration of the compound inhibiting 50% of cell growth. EDso values were determined by the trypan blue exclusion technique. A value of less than 4 tg/ml was required for growth inhibition activity to be considered significant. harvested and then centrifuged at 600 g X 10 min in PBS. They were later washed and suspended in ml of PBS. Lysis buffer (0.5 ml; 0.5 M NaOH, 0.02 M EDTA, 0.01% Triton X-100 and 2.5% sucrose) was layered onto a 5-20% alkaline-sucrose gradient (5 ml; 0.3 M NaOH, 0.7 KCI and 0.01 M EDTA); this was followed by 0.2 ml of the cell preparation. After the gradient was incubated for 2.5 hr at room temperature, it was centrifuged at 12,000 rpm at 20C for 60 min (Beckman rotor SW60). Fractions (0.2 ml) were collected from the bottom of the gradient, neutralized with 0.2 ml of 0.3 N HC1, and radioactivity maesured. Thermal calf thymus DNA denaturation, U.V. absorption from 220 to 340 nm and DNA viscosity studies were conducted after incubation of compounds 1-7 at 100 tM at 37C for 24
hr.
P4-Phage Knotted DNA P4-phage knotted DNA was isolated by the method of Liu and Davis [7] . Cultures of C-117 E. coli were grown overnight in 5 ml modified Luria Broth (1% bactotryptone, 0.5% yeast extract, 1% NaC1, and HeLa-S tumor screens. All of the EDs0 values were less than 4 pg/ml with the exception of compound 3 in the L1210 screen [ Table 2 ]. Generally the compounds were more effective in the HeLa-S uterine carcinoma screen and were very comparable with standard antineoplastic agents used in these screens. The compounds were effective in reducing DNA synthesis greater than 50% in both the HeLa-S uterine carcinoma and L1210 lymphoid leukemia cells over 60 min [ Fig. and 2] . 
Fraction Number DNA strand scission was evident in both cell lines after 24 hr. incubation at 100 tM with smaller fragments appearing in the gradient of both L1210 and HeLa-S cells [ Fig. 3 and 4 ].
Using the partially purified HeLa-S DNA topoisomerase II enzyme, subsequent studies demonstrated that the compounds 1-7 were inhibitors at 200 tM. [Fig 5] . Using the L1210 partially purified DNA topoisomerase enzyme was inhibited at _> 100 tM for the compounds. An in-depth study was performed to determine if the compounds affected DNA topoisomerase II activity in a concentration range consistent with the concentration needed for DNA synthesis inhibition. Compound 2 was selected for this detailed study. [12, [14] [15] . These studies have demonstrated that P-16 actually stimulates phosphorylation of L1210 and human DNA topoisomerase II whereas the heterocyclic amine carboxyboranes cause a reduction in phosphorylation of the enzyme which is related to increase in cleavable products and cell death.
